The aim of this study was to establish a soft shell turtle primary culture for replication of the isolated poxvirus-like virus. To date, the primary culture cells have been successfully subcultured for more than 25 passages in a T-25 cell culture flask. Based on morphology studies, these cells were identified as mostly fibroblast cells. The results of this study showed that the L15 medium was the optimal culture medium for these cells. Interestingly, the soft shell turtle primary cells grew faster at 37°C than at temperatures below 30°C. The lysis cellular pathogenic effects (CPE) presented on the monolayer cell culture which has been inoculated with 200 μl of the tested isolated poxvirus-like viral suspension (1 × 10 8 TCID 50 /ml) on the 2nd postinoculation day. The virulence of poxvirus-like virus was significantly inhibited by 5-iodo-2'-deoxyuridine, but 5-bromo-2'-deoxyuridine had no significant effect. According to the acridine orange staining results, the virus-infected primary cells were yellow-green in color, indicating that the poxvirus-like virus was a double-stranded DNA virus. The set primary culture cells were highly capable of being successfully infected with the soft shell turtle poxvirus-like virus. This study may be the first study to determine the optimal primary culture for studying viral infections in soft shell turtle embryos.
INTRODUCTION
Reptile viral studies are limited due to the lack of continuous cell lines. Most viral related studies rely on primary cell cultures. To date, few continuous cell lines have been reported and these include the heart of a freshwater box turtle (Terrapene carolina) (Clark and Karzon, 1967) , melanomacrophage culture from the liver and spleen of turtles (Rund et al., 1998) , heart fibroblast cell line of the soft-shell turtle (Li and Zhang, 2001 ), CO cells for iridovirus isolation (Chen et al., 1998) , snake embryos for Fer de Lance virus isolation (Clark et al., 1979) , the fibropapillomas of a sea green turtle (Chelonia mydas) (Lu et al., 1999; Mansell et al., 1989) , and testis of a sea turtle (Keller and McClellan-Green, 2004 ) for reptile studies. Several primary cell culture studies have been conducted in reptiles and these include adult newt (Notophthalmus viridescens) ventricular myocytes (Tate and Oberpriller, 1989) , lizard splenocytes (Saad and Ridi, 1988) , Australian dragon lizards (Ezaz et al., 2008) , and a freshwater turtle (Callard, 1981; Milton et al., 2007; Nayak et al., 2009 ).
There are currently no continuous cell lines for soft shell turtle viral studies. In order to conduct studies on soft shell turtle poxvirus-like virus, it is necessary to establish a primary cell culture from soft shell turtle embryo. This study result may allow researchers to gain a better understanding of the replication of poxvirus-like virus in soft shell turtle embryo primary culture. Veterinarians may also find these data of value for the control and prevention of this viral infection.
MATERIALS AND METHODS

Embryonated soft shell turtle eggs hatchlings
The soft shell turtle fertilized eggs used in the study were bought from a local turtle hatchery in Taiwan. They were hatched in a humidified incubator at 30°C and 60% relative humidity. All eggs were covered with sand to a depth of 1 cm.
Primary culture technique
Four to six of 15 to 17 day-old living embryonated soft shell turtle eggs were scrubbed cleanly and immersed in 75% ethanol for 2 h to sterilize the egg shells. The embryos were removed using sterile forceps then decapitated in a 10-cm-diameter petri dish filled with 0.01 M sterilized phosphate buffered saline (PBS; pH 7.2). The bodies were transferred into a 50 ml tube and were chopped using sterile scissors. The tissue homogenate was digested with 1 ml 0.25% trypsin at room temperature for 2 min and was then passed through a 70 μm nylon mesh cell strainer. The cells were diluted with 20 ml L-15 medium (Sigma Chemical Co, St Louis, MO, USA) containing 10% fetal bovine serum (FBS) and 1% antibiotics consisting of 10,000 units/ml penicillin and 10,000 μg/ml streptomycin (L-15-FBS-antibiotics). The above process was repeated 10 times and the homogenate was centrifuged for 3 min at 18 × g. The supernatant was discarded and the pellet was resuspended with 20 ml L-15-FBS-antibiotics. Soft shell turtle cells were transferred into 24 well cell culture clusters and T-25 cell culture flasks and were then placed in a humidified incubator at 25°C with 5% CO2. When confluent cell monolayers were achieved in T-25 cell culture flasks, the cells were washed with 0.01 M PBS and were digested with 0.5 ml 0.25% trypsin at room temperature for 30 s followed by subcultivation at a ratio of 1:2 with L-15-FBSantibiotics.
The medium and temperature effects for cell growth
Three different media, L-15 medium, minimum essential medium (MEM), and RPMI 1640, containing 10% FBS and cultured at 37°C were used to determine the optimal culture medium for the soft shell turtle primary culture cells. Each of the three types of media was cultured separately in T-25 cell culture flasks with approximately 1 × 10 4 cells. The number of days required to grow a monolayer in the T-25 cell culture flasks were recorded and compared.
To determine the optimal incubation temperature, thirty-five T-25 cell culture flasks containing approximately 1 × 10 4 cells cultured with L-15-FBS were placed separately in humidified incubators at 15, 20, 25, 30 , and 37°C with 5% CO2, respectively. The cells from flasks cultured at each temperature were washed with 0.01 M PBS then digested with 0.5 ml 0.25% trypsin at room temperature for 30 s. A volume of 50 μl of trypsinized cells mixed with the same volume of 0.4% w/v trypan blue were counted on alternate days with a hemocytometer and an inverted microscope.
The poxvirus-like soft shell turtle virus
The tested virus from the skin of diseased soft shell turtles was collected and saved in a liquid nitrogen tanker (Liu et al., 2011) . The skins of ill soft shell turtles were ground. A solution of 0.01 M PBS and 5% antibiotics comprising 10,000 unit/ml penicillin and 10,000 μg/ml streptomycin was added to the above tissue homogenate. The homogenate was filtered through 0.45 μm filters then the solution was stored in the liquid nitrogen tanker for later use.
Replication of poxvirus-like virus in primary culture cells
Our established primary culture cells in T-25 cell flasks grew in 24 well cell culture clusters which allowed enabled the growth of a confluent cell monolayer. Each well was inoculated with one of four volumes (20, 50, 100, and 200 μl ) of the prepared poxvirus-like viral suspension. Four untreated wells were inoculated with the same volume of 0.01 M sterilized PBS and these wells served as the negative control. Three 24-well cell culture clusters placed in humidified incubator at 25°C with 5% CO2 were examined with an inverted microscope for CPE. When cellular lysis reached 80%, the medium was harvested. The virulence of all viral suspensions was calculated for 50% Tissue Culture Infective Dose/ml (TCID50/ml). The cells were scraped for Transmission electron microscopy (TEM).
A volume of 0.5 ml of the viral suspension was inoculated into a T-25 cell culture flask with a confluent cell monolayer. The viral suspension was harvested after CPE in the monolayer cell culture then was saved in a liquid nitrogen tanker.
Transmission electron microscopy (TEM)
After CPE formation, the cell pellets were fixated in 4% glutaraldehyde for 4 h at room temperature then those fixed cells were washed with 0.1 M phosphate buffer for 10 min 3 times. The above cells were subjected to post-fixation with 1% osmium tetroxide in the dark at 4°C for 4 h then they were washed with 0.1 M phosphate buffer 10 min 3 times. Before performing dehydration, the cell pellets were cut up into small pieces and passed through a series of 50, 70, 85, and 95% ethanol v/v for 20 min, respectively. The cell pellets were further dehydrated with 100% ethanol for 30 min twice at room temperature. After dehydration, the cell pellets were infiltration into the solution 50 of 100% ethanol and 50 of 100% LR white resin and 100% LR white resin twice at 4°C for 24 h. Finally, the cells were embedded at 60°C for 26 h. Ultrathin sections measuring 80 nm were mounted on 200 mesh grids, stained with 2% uranyl acetate for 30 min, followed by staining with lead citrate for 15 min, then examined with a transmission electron microscope.
The characteristics of the poxvirus-like soft shell turtle virus studied using our developed primary culture cells Our technique was modified from the method of Giambrone and Dormitorio (1997) . The maintenance medium was prepared by adding 100 μg per ml of either 5-iodo-2'-deoxyuridine (IUDR) (Wako Pure Chemical Industries, Ltd., Osaka, Japan) or 5-bromo-2'-deoxyuridine (BUDR) (Calbiochem, San Diego, CA, USA) into L-15-FBS culture medium. Poxvirus-like soft shell turtle viruses were continuous 10 times diluted with L-15-FBS. 100 μl diluted viral solution were added into each well of the 96-well plate containing cell culture clusters which had achieved a confluent monolayer. The viral titer calculation was subsequently performed. We allowed the tested viruses to adsorb with cells at 37°C for 1 h. Each well of the four lines of the 96-well cell culture plate received 100 μl of maintenance medium containing IUDR or BUDR (the final concentration was 50 μg/ml). All culture plates were cultured at 25°C and monitored daily with an inverted microscope (Olympus, IX70, Japan) at 100 × to 400 × magnifications for CPE. Each well of the four lines of virus-infected cells received 100 μl of L-15-FBS culture medium which served as the positive control. The negative controls comprised 12 wells of the 96-well cell culture cluster into which 200 μl L-15-FBS culture medium was added.
We modified the method of Spendlove (1967) for the acridine orange staining study. The soft shell turtle pox-like virus-infected cells and uninfected cells were fixed by Carnoy's solution (1 part glacial acetic acid, 3 parts reagent-grade chloroform, and 6 parts absolute ethanol) for 5 min, respectively. Then they were dehydrated in series ethanol/distilled water concentrations (80, 70 annd 50% ethanol). The samples described above were placed in McIlvaine's buffer (12.9 ml of 0.1 M citric acid mixed with 7.1 ml of 0.2 M Na2HPO4 ; pH 3.8) for 5 min. Then they were stained with 0.01% acridine orange solution (Amresco, Inc., Solon, OH, USA) for 5 min. Finally, they were rinsed with the McIlvaine's buffer again for 3 min. The samples were air dried and were viewed under a fluorescent microscope.
RESULTS
Embryonated soft shell turtle eggs hatchlings
The fertilized soft shell turtle eggs hatched after about 45 days in a humidified incubator at 30°C and 60% relative humidity.
Primary culture technique
We found the optimal age and conditions for developing soft shell turtle embryo cell culture was 15 to 17 days old at 30°C with 60% relative humidity. The primary cells needed 3 to 4 days at 25°C with 5% CO 2 to achieve a confluent monolayer on a 24-well cell culture cluster. We continuously subcultured the set primary cells at a ratio of 1:2 onto T-25 cell culture flasks. To date, we have subcultured the primary culture cells for more than 25 passages. According to the cell morphology studies, our set primary culture cells were identified as mostly fibroblast cells (Figures 1, 2A and 2B) . Interestingly, some of our first generation cells were alive for 5 months at 25°C without 5% CO 2 supplementation or change of medium. Most of those cells still retained replication ability.
Medium and temperature effects on cell growth
The results indicate that L15 medium was the optimal culture medium for soft shell turtle primary cell culture. The primary cells grown in a T-25 cell culture flask in L15 medium with 10% FBS required 7 days to achieve a confluent cell monolayer ( Figure 1A) . However, when cells were cultured in a T-25 cell culture flask in RPMI1640 with 10% FBS, the monolayer was only 80% confluent ( Figure 1B ) within 7 days. Interestingly, it should be pointed out that MEM with 10% FBS was not at all suitable for growing soft shell turtle primary cells. After 7 days culture, the monolayer of primary cells grown in MEM with 10% FBS was only 50% confluent ( Figure 1C) . We investigated the growth of primary cells at different incubation temperatures from 15°C through 37°C. Our results showed that the most rapid cell growth rate was 37°C; however, the cells were easy to die at the temperature. Therefore, we suggested that the optimal temperature for primary cell culture was 30°C.
Replication of poxvirus-like virus in primary culture cells
We used the soft shell turtle confluent cells that we developed in 24-well cell culture clusters at 25°C with 5% CO 2 for soft shell turtle poxvirus-like virus virulence studies (Figures 2A and B) . The virulence of soft shell turtle poxvirus-like virus was based on the CPE shown in the monolayer cell cultures. Development of CPE in soft shell turtle primary cells was characterized by nuclear vacuolation, cellular granulation, cytoplasmic stranding, rounding, and cell lysis (Figures 2C and D, Figures 2E and F) . On the 5th day postinoculation, the virulence of monolayer culture cells infected with 20 and 50 μl of the tested virus was 3.16 × 10 6 TCID 50 /ml ( Figure 2C ) and 1.78 × 10 7 TCID 50 /ml ( Figure 2D ), respectively. Rapid cell lysis in monolayer cell cultures (that is, CPE) inoculated with 100 μl (5.62 × 10 7 TCID 50 /ml) ( Figure 2E ) and 200 μl (1 × 10 8 TCID 50 /ml) ( Figure 2F ) was found on the 3rd and 2nd postinoculation day, respectively.
Transmission electron microscopy (TEM)
TEM of poxvirus-like virus infected soft shell turtle primary cells revealed numerous large, enveloped, ovoidshaped viral particles ( Figure 3A) . Furthermore, the surface of the intracellular mature virus particle had an irregular appearance comprised of surface tubules ( Figure 3B ). The TEM results of primary cell pellets revealed the same poxvirus-like particles from the skin tissue of ill farmed soft shell turtles containing inclusion (Liu et al., 2011) . The characteristics of the poxvirus-like soft shell turtle virus studied using our developed primary culture cells
The virulence of poxvirus-like virus (1 × 10 7 TCID 50 /ml) was significantly inhibited by IUDR (1 × 10 3 TCID 50 /ml), but it was not significantly affected by BUDR (1.78 × 10 6 TCID 50 /ml). The acridine orange staining of viral-infected primary cells revealed a yellow-green color (Figure 4) . However, the control cells showed an orange-red color ( Figure 5 ). Therefore, we suggest that our poxvirus-like soft shell turtle virus was a double-stranded DNA virus.
DISCUSSION
Soft shell turtle poxvirus-like virus was first isolated in 50-day-old soft shell turtles (Liu at al., 2011) . We used soft shell turtle embryos to establish the primary cell culture for viral study. To the best of our knowledge, this is the first study to use primary culture cells to investigate viral characteristics in soft shell turtle (Pelodiscus sinensis). Green turtle cells were able to grow well with L15, MEM, Medium 199 and RPMI 1640. However, the optimal growth medium was RPMI 1640 (Lu et al., 1999) . Our study results suggest that the optimal culture medium was L15, although the soft shell turtle primary cells were also able to grow well in RPMI 1640. Interestingly, we found that MEM was not a suitable medium for our primary culture cells. Moreover, addition of FBS was necessary for our primary culture cells to grow.
Most tropical cold-blooded reptiles have an optimal growth temperature near 30°C, which is slightly lower than that seen in embryo cell and tissue cultures (Wolf, 1979) . The suitable water temperature for growth of soft shell turtles is from 25 through 35°C. The optimal water temperature is 30°C (Xu and Chen, 2004) . In our study, soft shell turtle primary cells were able to grow from 15°C through 37°C. The most suitable replication temperature was 37°C. Our finding is consistent with the results reported by Koment and Haines (1982) which indicated that turtle skin cells grew rapidly at 37°C. There is a limited life span from days to weeks for functional differentiated primary cell cultures (Sultan and Haagsman, 2001) . Our study results revealed that our established soft shell turtle primary culture cells could be subcultured for more than 25 passages.
A deoxyribonucleic acid (DNA) or Ribonucleic acid (RNA) virus can be determined by iododeoxyuridine (IUDR) and Bromodeoxyuridine (BUDR). DNA viruses are inhibited by analogue IUDR in the synthesis of viral DNAthymidine by competing with thymidine. The replacement of thymidine with IUDR is incorporated into the DNA rendering the DNA virus non-infective, whereas RNA viruses are not influenced (Loddo et al., 1963; McCrea and Lipman, 1967; Prusoff et al., 1963) . According to our study results, IUDR significantly inhibited soft shell turtle pox-like virus replication in our established primary culture cells. However, BUDR had no significant effect. Therefore, our results revealed that soft shell turtle poxlike virus was a DNA-type virus.
Acridine orange interacts with RNA by electrostatic attraction (Darzynkiewicz, 1990) , but interacts with DNA by intercalation within the interior of the DNA helix and by electrostatic attraction on the exterior of the DNA helix (Manson and McCaffery, 1964) . Acridine orange fluoresces yellow-green with 530 nm emission in doublestranded DNA virus and double-stranded RNA virus, but fluoresces red-orange with 640 nm emission in singlestranded DNA virus and single-stranded RNA virus (Darzynkiewicz, 1990; Jamison and Mayor, 1965) . According to our results, the viral infected cells were stained yellow-green, which demonstrates that our tested virus was a double-stranded virus.
To the best of our knowledge, this is the first study to describe a vesicular disease associated with poxvirus-like infection in soft shell turtles bred on a farm and to replicate a poxvirus-like virus in primary cell culture and soft shell turtles. Further studies involving viral sequencing and special primer designs are required to better understand the viral structure and its relationships between hosts.
Conclusions
There is currently no serologic or PCR diagnostic technique available for reptile poxviruses. Therefore, we successfully developed a primary cell culture for soft shell turtle poxvirus-like virus replication and studies of viral characteristics. Our established primary culture cells were suitable for the virus to replicate. In addition, the virus was identified as a double-stranded DNA virus using our established cells. We intend to conduct further studies, including viral sequencing, special primer designs and development of a PCR diagnostic technique in order to better understand the structure and mechanism of this virus.
